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Attempts to measure physiological reactions using a purely chemical 
method of determining the course of the reaction have produced un- 
satisfactory results, particularly when a  quantitative identity of the 
reaction course of the substance in the live organism and in the ex- 
tract  of  the  non-living material  has  been  sought.  Owing  to  the 
complexity of the environment under which chemical reactions in pro- 
toplasmic systems take place, a more or less distinct line of demarca- 
tion  has  arisen  between  the  realms  of  physiology and  chemistry. 
Since the kinetics of the enzymic hydrolysis of sucrose has been ex- 
tensively studied by workers in this laboratory and others using, how- 
ever, invertase solutions, it was considered interesting to attempt a 
comparative study of this reaction using live yeast cells as a source 
of the inverting activity. 
The  idea  of  the  possible  similarity of  invertase  activity  in  vivo 
and in vitro is to be found as early as 1911 in work of Euler and Kull- 
berg (1), who made a comparative study of the reaction under the two 
named conditions.  Similar although not identical results in the two 
cases were obtained, due to inconstancy of experimental procedure and 
to the use of the monomolecular law as a  measure of invertase ac- 
tivity.  Since then, however, it is quite generally agreed that the hy- 
drolysis of sucrose by invertase prepared from yeast, Saccharomyces 
cerevisiae, is not a  first order reaction (2). 
The following empirical equation of Nelson and Hitchcock (3) has 
been found to represent closely the course of this reaction for nearly 
all of the invertase preparations made in this laboratory. 
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p  =  per cent sucrose hydrolyzed in  t  minutes.  This equation is ap- 
plicable to 10 per cent sucrose solutions at pH 3.5 to 7.0 at a  constant 
temperature between 20  °  and 35°C.  (4).  The constancy of the value 
of  the  term  N  with  varying values  of p  and  t  therefore  serves  as  a 
criterion  of  a  definite  course  of  the  hydrolytic  reaction  and  any  in- 
creasing or decreasing trend of the magnitude of N  during a hydrolysis 
is indicative of a different course of the reaction.  If constant values of 
the term N  are obtained when live yeast cells are used as the hydro- 
lytic  agent  the  course  of the  reaction  will  thereby  be  shown  to  be 
identical  with  that  resulting  from the  use  of invertase solutions ob- 
tained  from the  same yeast.  Likewise an  identity  of  results  of  the 
reaction run in vitro and in vivo will show that in the case of the use of 
the  live  cells,  as  in  the  use of invertase  solutions,  we  are measuring 
one reaction only in  a  protoplasmic system; namely, the inversion of 
sucrose. 
EXPEl~ rMENTAL 
Hydrolysis  of  Sucrose  by  Invertase Solutions.--The  invertase  preparations 
used were obtained by autolyzing samples of the commercial brand of Fleisch- 
mann's yeast, with toluene and water.  The invertase was precipitated from the 
autolysate with 50 per cent ethyl alcohol and extracted from this precipitate with 
water containing 0.01 ~  acetate buffer (pH 4.5). 
In running the hydrolyses, 50 cc. of the enzyme were pipetted into 200 cc. of 
12.5 per cent sucrose  solution,  containing 0.01 M acetate buffer ~H 4.5).  The 
hydrolysis mixture was maintained  at  a  temperature of  25°±  .01°C.  25  cc. 
samples were pipetted out at various time intervals and inversion stopped by the 
addition of one drop of sodium hydroxide solution of such strength as to bring the 
pH of the sample to 8-9.  After allowing time for mutarotation to occur, the sam- 
ples were polarized at 25°C. in a  2 din.  tube using a  mercury arc-light of wave 
length 546.1 /z/z. 
The values  of  N  in  the  equation  of  Nelson  and  Hitchcock were 
calculated  for these  hydrolyses  and  the  results  presented  in  Table  I 
show the constancy of this term during the course of a  hydrolysis. 
Hydrolysis of Sucrose by Live Yeast Cells.--In order to run quantitative hydro° 
lyses with live yeast cells some modification of the experimental procedure was 
necessary.  A weighed quantity of washed, pressed yeast was suspended in 100 cc. 
of water containing 0.01 M  acetate buffer (pH 4.5).  50 cc. of this suspension were 
pipetted into 200 cc. of 12.5 per cent sucrose  solution containing 0.01 ~  acetate 
buffer at  the same pH.  In order to secure a  uniform suspension of yeast the J.  M.  NELSON~ ELIZABETH T.  PALMER~ AND  B.  G.  WILKES  493 
hydrolysis mixture was shaken continuously in a  thermostat at 25  °  4-  0.01°C. 
Samples were removed and inversion stopped as described above and were imme- 
diately filtered by  suction  through  porous-bottom  Gooch  crucibles,  by  which 
means a  cell-free filtrate was obtained.  The filtrates were polarized as in  the 
preceding method. 
TABLE  1 
Hydrolyses Using Invertase Solutions from Autolyzed Yeast 
(Several duplicate hydrolyses run by Fassnacht (5)) 
Time 
m/n. 
0 
50 
80 
100 
120 
140 
170 
205 
Rotation 
degre¢s 
15.66 
10.42 
7.58 
5.91 
4.37 
2.99 
1.27 
--0.33 
Rotation 
5.24 
8.08 
9.75 
11.29 
12.67 
14.39 
15.99 
Per cent 
hydrolyzed 
25.91 
39.96 
48.22 
55.84 
62.66 
71.17 
79.08 
Average deviation ........................................... 
0 
20 
31 
41 
50 
60 
70 
15.60 
11.07 
8.75 
6.82 
5.24 
3.69 
2.30 
4.53 
6.85 
8.78 
10.36 
11.91 
13.30 
22.39 
33.83 
43.42 
51.24 
58.90 
65.78 
NXI06 
382 
383 
381 
381 
381 
380 
381 
381.3 
0.18 per cent 
818 
821 
822 
820 
817 
817 
Mean ......................................................  819.2 
Average deviation ...........................................  0.22 per cent 
Table  II  includes  data  obtained  by  hydrolyzing  sucrose  with  live 
yeast cells.  The  values of N  calculated therefrom  are  seen  to  have 
the same constancy as those obtained when using an invertase solution. 
Two suggestions may  be made  as to sources of error in running hy- 
drolyses with the live cells.  The first is with regard to possible fermen- 
tation during the course of the hydrolysis which would affect the  ro- 
tations,  and  the  second has  to  do  with  the  question  of  whether  the 
yeast dies during the time of the hydrolysis. 494  KINETICS  OF  INVERTASE ACTION 
To  eliminate  the  first  possibility,  the  buffer  solutions  used  were 
saturated with toluene  (1, 6), there being, however, no excess toluene 
in  the  hydrolysis  mixture.  Under  these  conditions  no  gas  produc- 
tion was observed during the course of the  hydrolysis.  Furthermore, 
the hydrolyses were allowed to run to  completion and the total change 
in rotation was found to be in agreement with the correct value for com- 
plete inversion of a  10 per cent sucrose solution, namely 20.22 °.  An 
TABLE  II 
Hydrolyses  Using Live Yeast Cells (1 Gin. Yeast) 
Per cent  Time  Rotation  A Rotation  hydrolyzed  N  X  IO~ 
0 
30 
4O 
55 
70 
85 
100 
deg~'es$ 
15.55 
9.99 
8.33 
5.99 
3.96 
2.21 
0.72 
5.56 
7.22 
9.56 
11.59 
13.34 
14.83 
27.50 
35.71 
47.28 
57.32 
65.97 
73.34 
678 
676 
677 
675 
676 
679 
Mean ......................................................  676.8 
Average deviation ..........................................  0.18 per cent 
0 
30 
41 
56 
71 
86 
106 
15.58 
10.08 
8.23 
5.97 
3.97 
2.21 
0.36 
5.50 
7.35 
9.61 
11.61 
13.37 
15.22 
27.20 
36.35 
47.52 
57.42 
66.12 
75.27 
670 
672 
669 
667 
670 
671 
Mean .....................................................  669.8 
Average deviation ..........................................  0.18 per cent 
extreme  idea  that  the  invert  products might be fermented in  such a 
ratio as to still give constant values of N  in  spite of fermentation may 
be  refuted  by  the  fact  that  similar  results  are  obtained  when  the 
amount  of yeast  and  consequently  the  time  required  for hydrolysis 
is varied.  The possibility of having such compensating errors in more 
than one case would seem to be extremely unlikely. 
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to dead cells,  as determined by staining with 0.005 per cent solution 
of methylene blue according to  the staining method of Fraser  (7), 
was found to occur during the course of the hydrolysis.  It was, of 
course, impossible to  eliminate the presence  of  some  dead  cells in 
the suspension, but the yeast before being used was repeatedly washed 
and microscopic examination of the suspension revealed only intact 
cells.  In addition, the ratio of live to dead cells was extremely large, 
namely, 52 to 1. 
In order to be assured that in using live cells the inverting action is 
confined to the cells  and is not exhibiting itself extracellularly, sam- 
ples of hydrolyzing mixtures were filtered cell-free without the addition 
of alkali.  On being polarized, these samples failed to show any no- 
ticeable enzymic activity. 
SUMMARY 
1.  A method is given whereby the course of hydrolysis of sucrose 
by live yeast cells may be followed with precision equal to that found 
when invertase solutions prepared from autolyzed yeast are used to 
cause inversion. 
2.  The practical value of the equation of Nelson and Hitchcock as a 
means of following the  course  of  enzymic hydrolysis of sucrose  is 
hereby extended. 
3.  The inversion of sucrose by live yeast cells and by extracted in- 
vertase has been quantitatively compared. 
4.  The course of hydrolysis of sucrose by the invertase of Fleisch- 
mann's yeast has been found to be identical in vivo and in vitro. 
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